Eleven strains of a hitherto undescribed Gram-positive, catalase-negative, facultatively anaerobic rod-shaped bacterium from human sources and medical care products were characterized by phenotypic and molecular taxonomic methods. The phenotypic properties of the bacterium were consistent with its assignment to the genus Lactobacillus but it was readily distinguished from all currently described species of this genus by its biochemical characteristics and by SDS-PAGE analysis of its cellular proteins. Comparative 16s rRNA gene sequence analysis demonstrated that the unknown bacterium was a member of rRNA group I Lactobacillus which includes Lactobacillus delbrueckii, the type species of the genus, and close relatives. Lactobacillus gasseri and Lactobacillus johnsonii were the nearest phylogenetic relatives of the unknown bacterium, but 165 rRNA sequence divergence values of ~4 % clearly showed that it represents a distinct species. Based on both phylogenetic and phenotypic evidence, it is proposed that the unknown bacterium should be classified in the genus Lactobacillus, as Lactobacillus hers sp. nov. The type strain of Lactobacillus hers is CCUG 28746T.
INTRODUCTION
The genus Lactobacillus comprises a phenotypically heterogeneous group of facultatively anaerobic, catalase-negative, non-spore-forming, Gram-positive, rod-shaped organisms which produce lactic acid as a major end-product of metabolism (Kandler & Weiss, 1986) . Lactobacillus species generally possess DNA with a low G + C content (approx. 33-53 mol%) and currently over 50 species are recognized. Lactobacilli are of great commercial importance due to their use in the production of a range of fermented dairy, meat and vegetable products and there is also now a growing interest in their use as probiotics (i.e. dietary adjuncts for man and animals) (Hammes et al., 1992) . Lactobacilli are found in a great variety of habitats such as food, vegetation and sewage (Hammes et al., 1992) . Several species of Lactobacillus are also found in association with humans, for example in the oral cavity, intestine and vagina. With the possible exception of a few isolated reports involving people with underlying disorders or disease, lactobacilli are considered non-pathogenic for man (Aguirre & Collins, 1993) . During the course of an investigation of some Grampositive, catalase-negative, rod-shaped organisms from human sources, referred to the Culture Collection of the University of Goteborg (CCUG), Sweden, for identification, eleven strains of an unknown Lactobacillus-like bacterium were allocated to a provisional group, designated EF group 47. Preliminary phenotypic tests indicated that the isolates were possibly related to the genus Lactobacillus, but they could not be assigned to any recognized species. In this article, phenotypic characteristics of these strains and the Farrow et al. (1983) and the DNA G + C content (mol %) was determined by thermal denaturation as described by Garvie (1 978 et al., 1984) and the alignment was corrected manually. Distance matrices were produced with the DNADIST program of the PHYLIP package (Felsenstein, 1989) and a phylogenetic tree was constructed according to the neighbour-joining method with the NEIGHBOR program (Felsenstein, 1989) . The statistical significance of the groups obtained was assessed by bootstrapping (500 replicates) using the programs SEQBOOT, DNADIST, NEIGHBOR and CONSENSE (Felsenstein, 1989) .
RESULTS AND DISCUSSION
Nine of the strains examined were isolated from human sources, i.e. urine (six strains), vaginal discharge (one strain), endometrial (one strain) and cervical (one strain) specimens, whereas the remaining two isolates were recovered from medical care products. All eleven strains were Gram-positive, non-spore-forming, rodshaped organisms which occurred as single cells, pairs or in short chains. The isolates were facultatively anaerobic and catalase-and oxidase-negative. The isolates grew on blood agar but not on MRS agar (pH 6.2 or 7.3) or Rogosa agar. Biochemically, the strains were relatively homogeneous and produced acid, but no gas, from glucose. Four out of the eleven strains also produced acid from maltose. However, with the exception of these sugars, the strains were asaccharolytic and did not produce acid from the following substrates : L-arabinose, D-arabitol, cyclodextrin, glycogen, N-acetylglucosamine, lactose, mannitol, melezitose, melibiose, methyl P-D-glucopyranoside, pullulan, raffinose, ribose, rhamnose, sorbitol, sucrose, tagatose, trehalose or D-xylose. All of the strains displayed alanine-phenylalanine-proline arylamidase, esterase C4, a-glucosidase, leucine arylamidase and phosphoamidase activity. None of the strains exhibited alkaline phosphatase, arginine dihydrolase, chymotrypsin, a-fucosidase, a-galactosidase, j3-galactosidase, j3-galacturonidase, j3-glucosidase, j3-glucuronidase, glycyl-tryptophan arylamidase, a-mannosidase, j3-mannosidase, lipase C 14, trypsin or urease activity. The strains hydrolysed hippurate, but not aesculin or gelatin. All were Voges-Proskauer-negative and failed to reduce nitrate. Seven strains were examined by SDS-PAGE analysis of whole-cell proteins which confirmed the high overall phenotypic homogeneity of the isolates. The seven strains formed a tight cluster and were readily separated from all other reference Lactobacillus species examined using this technique (Fig. 1) . Cell wall analysis of strain CCUG 28746T revealed the presence of murein type L-L~s-D-As~, which is found in many lactobacilli and other lactic acid bacteria (Hammes et al., 1992; Schleifer & Kandler, 1972) . The G + C content of DNA of strain CCUG 28746T was determined as 34.4 mol %. This value is at the lower end of the DNA G + C range of the genus Lactobacillus (approx. range 33-53 mol %), but nevertheless compatible with the assignment of the unknown bacterium to this genus. To establish the phylogenetic position of the unknown bacterium, the 16s rRNA genes of three representative strains were amplified by PCR and characterized by sequence analysis. The almost complete gene sequence (>1400 nucleotides) of strain CCUG 28746T was determined and sequence searches of GenBank and RDP libraries revealed that the unknown rod was phylogenetically a member of the rRNA group I Lactobacillus (Lac tobacillus delbrueckii group of organisms; see Collins et al., 1991) . Treeing analysis confirmed this placement and showed that the unknown bacterium was phylogenetically most closely related to Lactobacillus gasseri and Lactobacillus johnsonii (approx. 96 YO sequence similarity). Bootstrap resampling (value l00%0) showed that the association between the unknown rod and L. gasserill. johnsonii was statistically significant (Fig. 2) . Approximately 1000 nucleotides of the 16s rRNA genes of two other strains (CCUG 24626 and CCUG 28495) of the unknown bacterium were also determined. Pairwise analysis showed these to be identical (100 % sequence similarity) to that of strain CCUG 28746T, thereby demonstrating high genealogical relatedness of the isolates.
The results of biochemical and whole-cell protein SDS-PAGE analyses showed that the unknown, catalasenegative, Gram-positive, asporogenous, rod-shaped isolates represent a homogeneous group of organisms and constitute a new species. Phylogenetically, the unknown bacterium clustered with the Lactobacillus delbrueckii group of species (rRNA group I Lactobacillus; see Collins et al., 1991) note that the majority of the isolates of the unknown Lactobacillus were recovered from adult women (e.g. urine, vaginal discharge). Lactobacilli have long been known to be residents of normal vaginal flora of women. The predominant vaginal Lactobacillus species are considered to be Lactobacillus acidophilus and Lactobacillus fermentum (Eschenbach et al., 1989 ; Rogosa & Sharpe, 1960; Wylie & Henderson, 1969) . However, some of the organisms routinely assigned to L. acidophilus correspond to L. gasseri or Lactobacillus crispatus (Hammes et al., 1992) . Several other lactobacilli (e.g. Lactobacillus casei, L. fermenturn, L. delbrueckii, Lactobacillus jensenii, Lactobacillus salivarius) are recognized as minor components of the human vaginal flora. A new species, Lactobacillus vaginalis, has been described by Embley et al. (1989) from the vagina of patients suffering from trichomoniasis. The unknown rod reported in this study is phylogenetically quite distinct from the above-mentioned species. In addition, the unidentified bacterium is biochemically readily distinguishable from these and all other currently described lactobacilli, by its relatively asaccharolytic nature. Therefore, based on its phenotypic and phylogenetic distinctiveness, it is considered that the unidentified bacterium represents a hitherto unrecognized species, for which the name Lactobacillus iners sp. nov. is proposed.
Description of factobaci//us her5 sp. nov.
Lactobacillus iners (L. adj. iners inert, lazy). Cells are rod-shaped and occur singly, in pairs or in short chains. After 24 h incubation on blood agar, under anaerobic conditions, colonies are small
